Background and Purpose-Recent data suggest declining overall deaths attributable to stroke. However, little is known about time trends in mortality during stroke hospitalization, which may reflect a stroke's direct effects, medical complications, or care quality. This study assessed nationwide patterns in hospital deaths after experiencing an acute stroke. Methods-Data were obtained from all US states that contributed to the Nationwide Inpatient Sample. All patients admitted to hospitals between 1997 and 2006 with a discharge diagnosis of stroke (identified by the International Classification of Diseases, Ninth Revision procedure codes) were included. Time trends in the proportion of stroke hospitalizations that resulted in death were assessed. Independent predictors of in-hospital mortality after stroke were evaluated using multivariable logistic regression. 
very hour, 15 individuals on average die of a stroke in the United States. 1 Such rampancy has placed stroke among the nation's leading causes of death. 1 Fortunately, recent data suggest that overall annual stroke death rates are steadily declining. 2, 3 These data along with others pointing to reductions in stroke incidence have been rather encouraging. 4 However, recent information pertaining to in-hospital mortality trends after stroke hospitalization is lacking. Knowledge of patterns of in-hospital deaths after stroke may be additionally informative because dying in the hospital after a stroke probably reflects the interface of challenges in optimizing overall premorbid health status, stroke prevention, acute stroke treatment, and acute general medical care at the individual, hospital, and health system levels. Furthermore, although historical and biomarker predictors of mortality after stroke have been identified in various clinical trials, community-based studies, and voluntary registries, [5] [6] [7] [8] [9] nationwide "real-world" data on sociodemographic and hospitallevel variables that influence risk of dying after stroke are relatively sparse, 10 and comprehending the avenues through which these variables influence stroke outcomes may lead to strategies for enhancing quality improvement at several levels of policymaking.
The objectives of this study were to assess recent time trends in the proportion of stroke hospitalizations that resulted in death in the United States and to evaluate predictors of in-hospital mortality after stroke hospitalization.
Methods
Data were obtained from the Nationwide Inpatient Sample (NIS), developed as part of the Healthcare Cost and Utilization Project, a Federal-State-Industry partnership sponsored by the Agency for Healthcare Research and Quality. The NIS is designed to approximate a stratified 20% sample of all non-Federal, short-term, general, and specialty hospitals serving adults in the United States. The sampling strategy selects hospitals within states that have State Inpatient Databases according to defined strata based on ownership, bed size, teaching status, urban/rural location, and region. All discharges from sampled hospitals for the calendar year are then selected for inclusion into the NIS. To allow extrapolation for national estimates, both hospital and discharge weights are provided. Detailed information on the design of the NIS is available at www.hcup-us.ahrq.gov. From 1997 to 2006, the NIS captured discharge-level information on primary and secondary diagnoses and procedures, discharge vital status, and demographics on discharges per year. Data elements that could directly or indirectly identify individuals are excluded; we thus considered all discharges to be independent. The unit of analysis was the discharge rather than the individual. A unique hospital identifier allows for linkage of discharge data to an NIS data set with hospital characteristics.
To identify stroke hospitalizations, we used all discharges for which International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes 430.xx to 438.xx were included in any of the diagnoses, primary or secondary. For patients who had Ͼ1 reported code 430 to 438, only the first reported code was included in the analysis to avoid double-counting patients with multiple reported codes. The current study assumed that using both primary and secondary codes identified all hospital strokes (ie, a falsenegative rate of zero), but it was likely that this would also lead to overascertainment. To adjust for the likely overascertainment of stroke as a result of using both primary and secondary diagnoses, the procedure proposed by Williams et al was used. 11 By this procedure, the estimated number of strokes by ICD-9-CM code 430 to 438 was obtained by multiplying the weighted total number of discharges with each ICD-9-CM code by its estimated positive predictive value for stroke. The positive predictive values were derived by pooling data from previously published studies. The total number of stroke hospitalizations was obtained by summing across codes.
Statistical Analyses
Trends in in-hospital mortality after stroke were compared before and after adjustment for covariates. We computed the overall unadjusted weighted proportions of stroke hospitalizations that resulted in death across time. To assess in-hospital mortality trends after adjustment for covariates and to identify independent predictors of in-hospital mortality, the multivariable logistic regression model was used at the same time as taking into account the weighting, clustering, and stratification needed under the complex NIS survey design. Analyses were additionally weighted by the positive predictive value to adjust for overascertainment stroke as noted. The following demographic and clinical characteristics were adjusted for: age, race (white, black, other, unknown), primary payer (Medicare, Medicaid, private, other), comorbid condition, and number of procedures performed as an ordinal variable. In addition, the following hospital characteristics were also adjusted for including region (North East, Midwest, South, West), bed size (small, medium, large), stroke volume by quartile, and location/teaching status (rural, urban nonteaching, urban teaching). . Weighted in-hospital mortality rates were computed across time separately for each stroke type. To assess whether mortality trends differed by stroke type and hospital type, linear contrasts under a logistic regression model were used. Median length of hospital stay (LOS) was estimated and significant trends were tested through linear regression by including time as a continuous variable in the regression models. To assess the relation between in-hospital mortality and LOS, the logistic regression model was used after adjusting for NIS time interval. LOS was log-transformed for the purpose of these analyses to improve normality.
The number and severity of comorbid conditions were assessed using the Charlson comorbidity index (CCI). The modified version of the CCI was used. 12 The CCI is a weighted score composed of 17 comorbid conditions including congestive heart failure (weight 1), myocardial infarction (weight 1), chronic pulmonary disease (weight 1), cerebrovascular disease (weight 1), hemiplegia or paraplegia (weight 2), dementia (weight 1), diabetes without complications (weight 1), diabetes with complication (weight 2), malignancy (weight 2), metastatic solid tumor (weight 6), mild liver disease (weight 1), moderate or severe liver disease (weight 3), peptic ulcer disease (weight 1), peripheral vascular disease (weight 1), rheumatologic disease (weight 1), renal disease (weight 2), and AIDS (weight 6). For the purpose of the multivariable analysis, CCI was grouped into 4 categories, including a CCI of 1, 2, 3, or Ն4. Because CCI may possibly be a surrogate marker for the overall condition of the patient (eg, capacity for repair and recovery) or severity of admission illness, we evaluated trends in the proportions of patients who had high CCI (Ն4) across the study period to determine whether they substantially changed over time.
All data analyses were conducted using SAS (Version 9.1; SAS Institute Inc, Cary, NC). Statistical hypotheses were tested using PϽ0.05 as the level of statistical significance. In-hospital mortality rates across time for each stroke type are shown in Table 2 and Supplemental Figure II . From 1997 to 2006, ischemic stroke hospitalizations lessened by 17.5%, ICH hospitalizations lessened by 8.5%, whereas hospitalizations for SAH slightly increased. However, mortality rates significantly decreased across the study period regardless of stroke type. Comparisons of the decrease in in-hospital mortality across time among the different types of stroke are displayed in Table 3 (ORs for the effect of time). Tables 4 and 5 show the unadjusted and adjusted logistic regression analyses stratified by stroke type. For hospitalizations with ischemic stroke, female sex, older age, non-Medicare insurance, and higher CCI were independently associated with an increase in the odds of dying in the hospital, whereas hospitals located in the Midwest region or West region (versus Northeast), hospitals with higher stroke volume, and urban hospitals (versus rural) were significantly associated with a decrease in the odds of dying in the hospital (Table 4) . For hospitalizations with ICH, older age, Medicaid, and "other" insurance (versus Medicare) were independently related to increased the odds of dying in the hospital, whereas private insurance, hospitals in the Midwest or West regions (versus Northeast), and urban hospitals were associated with a significant decrease in the odds of in-hospital mortality (Table 4 ). For hospitalizations with SAH, older age, high CCI, and higher hospital stroke volume were independently linked to greater odds of in-hospital mortality, whereas private insurance (versus Medicare), hospital location outside of the Northeast, and urban teaching hospital type were associated with a significant decrease in the odds of inhospital mortality (Table 5 ). The OR estimates for the effect of time interval were unaltered after including the covariates in the models.
Results

Overall
Analysis of trends in CCI across the study period found that the proportion of very sick patients as defined by CCI Ն4 significantly increased across the study period. LOS significantly decreased across the study period (trend: PϽ0.0001).
The odds of dying in the hospital after stroke was inversely related to LOS after controlling for time interval, but the inclusion of LOS in the model did not have any considerable effect on the OR estimates for the effect of time interval. Supplemental Figure II depicts changes over time in percent in-hospital mortality stratified by stroke type and hospital location/teaching status. For rural hospitals, the percent in-hospital mortality after stroke significantly decreased across the study period but only for ischemic strokes (Pϭ0.0018), not for ICH or SAH. For urban nonteaching hospitals, the percent in-hospital mortality after stroke significantly decreased over time both for ischemic strokes (PϽ0.0001) and ICH (Pϭ0.0061), but not for SAH. For urban teaching hospitals, the percent in-hospital mortality after stroke significantly decreased across time for all stroke types (ischemic: Pϭ0.0013; ICH: PϽ0.0001; SAH: Pϭ0.0011). The percentage of patients who received thrombolytic treatment within 1 day of admission for ischemic stroke rose from 0.1% in 1997 to 1998 to 0.6% in 2005 to 2006 for rural hospitals, from 0.1% to 1.3% for urban nonteaching hospitals, and from 0.1% to 2.3% for urban teaching hospitals (Supplemental Figure III) .
Discussion
This analysis of rates of in-hospital mortality after stroke from 1997 to 2006 in the United States showed that deaths during stroke hospitalization have lessened significantly over time, and since the years 1999 to 2000, this decline has been steady and continuous, probably mainly reflecting improvements in hospital care after occurrence of a stroke. These data are generally in accord with a lowering of the incidence of in-hospital strokes noted in this study and others 13 as well as recently decreasing patterns observed in overall stroke incidence 4 and mortality directly due to stroke. 2 Recent studies have looked at mortality after SAH and ICH hospitalizations over an almost similar time period, observing a decrease in mortality after SAH over time 14 but no change in mortality after ICH. 15 However, these studies only included primary diagnoses, did not incorporate any index of illness severity, and did not conduct any multivariable analyses.
At first glance, the magnitude of the drop (1.14%) over the decade may not seem very impressive but has to be viewed in the context of the actual number of fewer deaths (almost 31 000), paucity of proven treatments for acute stroke, and the incontrovertible hard outcome studied, mortality, which can often be a difficult outcome to favorably impact from a broad public health perspective. Furthermore, the decreases in in-hospital mortality rates were observed for all major stroke types and so cannot just be explained by potentially wider use of revascularization strategies among ischemic strokes. It is also interesting to see that even for SAH whose incidence slightly rose over the study period, in-hospital mortality declined with time, which would further suggest that reductions in overall in-hospital mortality after stroke were likely driven by better acute stroke care in addition to prevention of stroke. One could speculate that a rise in prevalence of dedicated stroke units that have been shown to favorable impact acute stroke outcomes 16, 17 as well as inpatient quality improvement programs that enhance evidencebased acute care processes 18 have greatly contributed to these reductions.
The multivariable analyses that investigated the independent odds of dying in the hospital after a stroke identified several avenues on the patient and hospital level that could be further explored to possibly boost survival among hospitalized patients by stroke type. Many of these factors were similar across stroke type and included older age, female sex, and non-Medicare insurance, which have previously been associated with greater odds of short-term mortality after stroke, and underscore the need to implement strategies to bridge these sociodemographics in stroke care. 1, 14 For example, specifically improving the relatively poorer quality of inpatient stroke care that women receive compared with men 19 could go a long way toward improving their clinical outcomes after a stroke.
Analysis by hospital type showed that urban teaching hospitals had a significant decrease in mortality across all 3 stroke types, whereas urban nonteaching hospitals had a decrease for 2 stroke types and rural hospitals had a decrease just for ischemic stroke. This more consistent improvement in mortality after stroke at urban teaching hospitals likely reflects the higher presence of experts with the requisite knowledge and experience in evidence-based stroke management as well as resources (dedicated neurocritical units and stroke units). Indirectly further supporting this notion of expertise and experience, over the study period, urban teaching hospitals had the biggest increase in the rate of thrombolytic treatment for ischemic stroke followed by urban nonteaching hospitals and then rural hospitals. The increasing use of telemedicine by which experts remotely assist in acute ischemic stroke management at rural hospitals and the growing certification of hospitals adept at handling acute ischemic stroke cases may further bridge these disparities. However, it is clear from these data that beyond acute ischemic stroke, improvements need to be made in optimizing outcomes of the more devastating hemorrhagic strokes types (SAH, ICH) at rural hospitals. Not surprisingly, generally sicker patients (those with several comorbid diagnosis, ie, CCI Ն4) were more likely to die during stroke hospitalization. However, it was surprising to observe that the number of very sick hospitalized patients with stroke has risen over the decade. It could well be that patients are progressively getting sicker, but a more likely explanation in the face of declining in-hospital mortality rates after stroke could be that better diagnostic techniques and better awareness have led to increased diagnoses of several general medical conditions over the years.
This study has limitations. Although CCI level was used as an index of illness severity, the confounding effect of actual severity of index stroke was not specifically adjusted for, because these data were not collected in the NIS data set, and routinely, reliably and consistently measuring admission stroke severity across hospitals nationwide can be challenging. Other limitations include an inability to distinguish first from recurrent strokes, possible inaccurate physician and administrative reporting of ICD codes, and lack of documented information on the rate of nonhospital stroke in the Ovbiagele In-Hospital Mortality After Strokecountry because many stroke-related deaths occur out of the hospital. The study was strengthened by its nationwide scope, incident and not prevalent stroke rate data, cliniciandiagnosed and not self-reported strokes, and especially by its inclusion of both primary and secondary diagnoses (which minimized the false-negative rate) with simultaneous correction for any potential overascertainment (which minimized the false-positive rate).
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